Introduction
Specific locus systems in higher plants have been used for experiments with chemical and physical mutagens. Generally, the objectives have been to assess methods of treatment and cultural management relative to their application in mutation breeding for crop improvement. However, the purpose of this Workshop is to evaluate the potential of higher plant systems to monitor the environment for mutagens. I should therefore like to emphasize attributes of higher plants as potential systems to monitor for mutagens, describe three specific locus systems which are not covered otherwise in this Workshop program, and define the role that specific locus systems in higher plants can play in assessing the mutagenicity of pesticides, industrial pollutants, etc. votes one chapter to a comparison of the impact of plant genetics with that of molecular, microbial, population, and human genetics in relation to their actual and potential role in modem biology. Grant emphasizes that plant genetics no longer enjoys the dominant position in the overall science of genetics that it once did. In addition to being the organism chosen for Mendel's pioneering experiments which formed the foundations for the science of genetics, plant systems have been used in numerous experiments, the results of which have contributed significantly to 
Applicability of Experimental Data
The present tiered system approach for testing the mutagenicity of various compounds attests to the problems inherent in extrapolation of data from one system to another. It must be emphasized, however, that the degree of genetic complexity in higher plants is comparable to that which exists in humans. Indeed, both humans and higher plants are eucaryotic organisms, so their chromosome structure and biochemistry may be similar (8) . Other similarities include DNA content per cell, extent of repetitive DNA, regulation of gene action relative to ontogeny, numbers of genes, etc. From a historical perspective, those fundamental genetic concepts based on results of experiments with plants have been found for the most part to be applicable to animals. Of course, one cannot ignore the problems associated with species differences caused by metabolism, routes of ingestion, metabolic activation, etc.
Definition of Specific Locus
A specific locus is equivalent to a gene in the classical Mendelian sense. As such, a specific locus is defined as a chromosomal region that controls the development of a phenotypic characteristic, that can mutate to a new allele with a consequentially altered phenotypic characteristic, and that is separable by crossing over from adjacent loci governing other specific phenotypic characteristics.
Specific Locus Systems in Higher Plants
Numerous specific loci, according to the definition given above, have been characterized in plant species. In fact, reference is made to 250 loci associated with the seven linkage groups of barley (7) , over 1100 genes in the cultivated tomato (2), over 300 loci for maize (9) , 55 genes in Cucumis (10), and 500 loci readily available in peas (11) . Obviously the scope of this report does not permit complete coverage of the literature dealing with these systems.
Plants such as Antirrhinum, Oenothera, Zea, Arabidopsis, Tradescantia, Lycopersicon, and Hordeum have been used extensively for mutagenesis experiments involving both chemical and physical mutagens. Frequently the protocol for these experiments is similar, if not identical, to that which would be required to monitor for mutagens.
The Chlorophyll Deficiency System in Barley
The Organism. Hordeum vulgare L. emend. Lam., cultivated barley, is a diploid with 2N = 14 chromosomes that are relatively large and easily identified. The plant is self-fertilized; thus recessive mutations are not lost through outcrossing. Hybridization is accomplished easily which makes genetic studies relatively easy to complete.
The System. Cultivated barley was used quite early in studies of mutation induction by ionizing radiation. Discrete phenotypes involving either a deficiency or lack of chlorophyll were observed frequently in segregating generations following treatment with mutagens. These phenotypes were described and classified by Gustafsson (12) in 1940. Numerous gene loci are responsible for these chlorophyll-deficient phenotypes; estimates include 250-300 (13) , and several hundred (14) for the Albina phenotype alone. Most of these chlorophylldeficient mutants behave as monofactorial recessives. Constantin (15) recently reviewed this system.
Procedures. The Results. Figure 1 shows chlorophyll-deficient mutants per 103 M2 seedlings of Himalaya barley induced by various concentrations of ethylmethane sulfonate and the computed linear regression; data were taken from the report of an experiment by Konzak et al. (16) and reproduced from (15) . Similar data for Atlas-57 barley following the treatment of seeds with either gamma radiation or unmoderated fission neutrons are shown in Figures 2 and 3 ; data were taken from the literature (15, (17) (18) (19) . These data show conclusively that the barley system will yield mutants following seed treatment with either chemical or physical mutagens and that the response is linear for the range of treatments used in these experiments.
The barley system has also been used in experiments involving exposure of plants throughout their life cycle to various levels of -y-radiation. One such experiment was conducted using Atlas-57 plants grown in the gamma garden at Brookhaven National Laboratory (20) . The MO plants were exposed to -y-radiation for 20 hr/day from the time of emergence to the tine of harvesting (a total of 96 days). Exposure rates ranged from 0.17 R/day (16.5 R total ex- ..
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Cs z the heterozygote results in the yellowish green phenotype. When seeds or young seedlings are exposed to mutagenic agents that induce either a deletion or mutation of the dominant allele, yellowish green sectors appear on the leaves. The younger the leaf primordium is at the time of treatment, the larger the sectors are; conversely, the older the leaf primordium is, the smaller the sectors are. Older leaves have more sectors than do younger leaves. The mature maize embryo in the dormant kernel possesses six leaf primordia. For more details refer to Stein and Steffensen (21) and Smith et al. (22) . Procedures. Generally, seeds heterozygous for the Yg2 locus are treated with a mutagenic agent, and plants are grown for approximately one month. The frequency of yellowish green sectors is then determined for leaves 3, 4, 5, or 6. Growing the plants at a relatively cool (60-750F) temperature helps in the identification of sectors.
Results. The first results are from an experiment by Smith et al. (23) in which dry seeds (6.7% water content) were exposed to 250 kVp x-rays. The x-ray doses, the number of leaves scored, and the mean frequency of sectors per leaf 4 are shown in Table 2 . The relationship between x-ray dose and mean frequency of sectors on leaf 4 was linear. No relationship was detected between dose rate (455 to 980 rad/min) and the frequency of yg2 sectors.
Likewise, no post-irradiation storage (up to 14 days) effect was detected.
The second results are from an experiment by Conger (24) in which soaked seeds were irradiated with either OCo y-rays or unmoderated fission neutrons. Dose of y-rays and fission neutrons, number of leaves scored, and mean number of sectors per leaf 4 are shown in Table 3 . Soaking the seeds for 96 hr prior to irradiation allowed the expansion of existing leaf primordia, but no new organs were initiated. Cytophotometric studies revealed that 33.2, 16.4, and 39.5% of the cell population scored (shoot apex and leaves 4, 5, and 6) were in G1, S, and G2, respectively. In comparison, dry seeds had a greater fraction of the cell population in G1 (24) . In the case of the presoaked seeds, a log-log relationship existed between radiation dose and the mean frequency of sectors per leaf 4. In this system the y& sectors are generally assumed to be the result of a chromosomal deletion involving the short arm of chromosome 9. This assumption is further supported by the results when ethylmethane sulfonate is used compared to those when sodium azide is used to treat seeds (25) . Ethyl methanesulfonate can cause chromosomal aberrations, whereas sodium azide does not. In the Yg& system, ethyl methanesulfonate induces a high frequency of sectors, whereas sodium azide induces a low frequency.
The Thiamine Auxotrophy System in Arabidopsis The organism. Arabidopsis thaliana, a short life cycle (-30 days) member of the Crucifereae family, is a self-fertilized diploid with 2N = 10 chromosomes. Arabidopsis has been used as the test organism for numerous experiments involving mutagenesis. The plant offers several advantages including a number of marker loci, a complete life cycle requiring from 30 to 50 days, a small size permitting large numbers of plants to be grown in a relatively small space (in fact, the plant can be grown to maturity in a test tube), and production of numerous seeds by each plant. Redei (3) has recently reviewed the literature on Arabidopsis.
The System. Auxotrophs for thiamine are isolated from ME seedlings on the basis of appearance within 10 days after germination (26) . The thiamine auxotrophs germinate with green cotyledons and then fail to develop green leaves. A simple counting procedure is then used to determine frequency.
Procedure. Redei (27) The present concept of testing for mutagenicity involves a tiered-system approach including both prokaryotic and eucaryotic organisms. These organisms are used as surrogates for humans, and any substance which yields positive results is suspect. Plant systems such as Arabidopsis, Zea, Hordeum, etc. can serve as another data point in the assessment of mutagenicity. Plant systems offer several advantages including the ability to test the environment in situ for the presence of mutagens. The climatic conditions that prevail in the area to be monitored will dictate to some extent the kind of plant that can be used without the benefit of environment-controlled chambers. Plant systems are available that vary from a single specific locus to numerous specific loci that can monitor a site over several days in the case of Arabidopsis to several weeks in the case of Hordeum.
Plant systems are also available that can be used to assess the mutagenicity of chemical compounds either alone or in combinations in laboratory-type experiments, In addition, some plant systems can be used advantageously to mnonitor for chromosomal aberrations and toxicity.
